The diffusion of radioactive Sb in liquid Sb has been measured in the temperature range from 672 °C to 1029 °C by use of the long-capillary method. A measuring method is described by which the sectioning of the specimens can be avoided. The self-diffusion coefficient is represented by the equation D= (5.46 + 0.78) •10~4,exp[-(4230±310)/Ä T]cm2 sec"1. It is concluded that liquid Sb shows semi-metallic behaviour.
Introduction
In addition to metallic properties liquid Sb also shows marked non-metallic behaviour. In previous work 1 it was shown by neutron diffraction that me tallic bonds as well as covalent bonds exist in liquid Sb. The object of the present study was to determine whether the self-diffusivity in molten Sb differs from that in the so-called normal molten metals.
Experimental
The diffusion studies were carried out by use of the long-capillary method. This method has been already described in a preceding paper 2.
Graphite capillaries (30 mm long, 1 mm inner diameter) were filled with Sb. Half the number of the capillaries were irradiated by neutrons (1013 cm-2 sec-1) for a short time («;10sec) in order to mark the Sb by partial production of the isotopes Sb122 and Sb124, both of which are y-and /^-emitters. The counting rate of the capillaries was 40000 c/sec after their storage for two weeks. The activity of the graphite was so small that it could be neglected. Each of the irradiated specimens was joined to an unirradiated specimen. Thus long-capillaries were obtained, which were half-filled with natural Sb(l) and half-filled with Sb containing Sb-tracers (r).
The annealing and quenching of the samples was practiced as described in Reference2. Diffusion runs were carried out at annealing temperatures of 672, 728, 912, and 1029 °C with five samples in each case, the annealing times of each of them being dif ferent. After diffusion annealing, the specimens were subdivided into the two halves r and 1 using a 0.2 mm thick cutting-disk. All specimens showed a Reprint requests to Prof. Dr. S. Steeb, Max-Planck-Institut für Metallforschung, Institut für Werkstoffwissenschaften, Seestraße 92, D-7000 Stuttgart 1. cavity in the middle of the original contact face of the two halves. This cavity resulted from shrinking of the metal during cooling after the diffusion an neal. The fraction of Sb which corresponded to the cavity had been pressed out of the sample during the heating procedure.
The counting rate of the radioactive radiation was measured by means of a NaJ-scintillation coun ter, 5 cm in diameter, which had a hole 2 cm in diameter and 4 cm deep. Before joining the two capillary halves, the counting rate of the irradiated half r was measured. After the diffusion run the counting rates of the separated halves r and I were measured. Before and after each measurement the counting rate of an active Sb-standard was also measured in order to be able to correct for the decay of the isotopes during the time of the experi The geometry of this arrangement had to be taken into consideration by a sensitivity-curve 5 (a:), which represents the sensitivity of the counter as a func tion of the height within the hole of the counting crystal. This is the same as the ar-coordinate along the specimen. S(x) was recorded by the use of specimens, which had the same shape as the diffu sion specimens, but in which only a part, Ax, of the metal at a defined position x was radioactive. These specimens were fabricated from slices 1 mm thick one of them containing active Sb as shown in = tracer-concentration in the half r at t = 0, and 2 L = total length of the long-capillary.
The coordinate x is measured using the middle of the specimen as the origin and is positive in both directions. The proper solution of Fick's second law
is given by 3
where the sign ( + ) applies to the part r and the sign ( -) to the part /. D = self-diffusion coefficient.
In the following a method is described, by use of which D is determined by measuring the integral x = L f a (x, t) dx z = 0 for the both halves r and /. This method has the advantage, that the run of a(x, t) must not be measured thus avoiding the sec tioning of the radioactive specimens. The contribu tion to the measured counting rate of the entire half r or I given by a section dx at x is
where the relative counter-sensitivity is taken into consideration. The factor F contains a counter-sen sitivity, which does not depend on x.
The following quantities were measured with each specimen: 70 = counting rate of the irradiated part r before diffusion. This value had to be corrected for the fraction of Sb, which escaped from the specimen during the process of heating up and which contained active isotopes.
Ir l = counting rate of the part r and the part I, re spectively, after diffusion. This value is not affected by the shrinking of the metal during the cooling process.
These quantities are given in terms of the tracerconcentration by 
; 2 log(Dt-103) where the sign ( -f ) applies to the part r and the sign ( -) to the part I.
With Eq. (6) the ratio of the measured counting rates is given as a function of the product Dt. This function is abbreviated in Eq. (6) as G (D t). The evaluation of the measured data was carried out graphically. Using the measured function 5(x) and the error-function, the function G (D t) was calcu lated for values of Dt covering the range from 10-3 to 1 cm2. The result is shown in Figure 3 .
By use of this plot the value of D t could be de termined for each diffusion specimen as the value of G (D t) was given by the measured ratio / r// 0 for the part r and Ii/I0 for the part I, respectively.
In Fig. 4 the obtained values of D t are plotted versus the diffusion time. From the slope of the straight lines drawn through the experimental points the diffusion coefficient was calculated for each tem perature. The values are listed in Table 1 . The er rors result from the deviation of the points from the straigth lines in Figure 4 .
In Fig. 5 the temperature dependence of the dif fusion coefficient is shown using the usual Arrhenius-plot. The least-squares line is represented by the equation
where T = temperature in K, R = gas constant. The parameters D0 and Q and the estimated standard errors are listed in Table 2 . 
Discussion
The mean error of the diffusion coefficient mea sured in this study is 9 pet. This uncertainty is with in the range usually found in diffusion studies in liquids. From the fact that the experimental points in Fig. 4 can be represented by straight lines, in other words that the values of D do not depend on the diffusion time it can be concluded that the mea surements are not affected by convection. The fact that the straight lines can be drawn through the origin certainly shows, that no mixing occured at the original contact layer (x = 0) during the melting of the metal.
Because of the errors given in Fig. 5 one cannot decide, whether the temperature dependence of the self-diffusion coefficient in liquid Sb follows an Arrhenius-law or one of the temperature-functions proposed by other authors 4 for diffusion in liquids. Thus the diffusion in liquid Sb is described with the parameters D0 and Q without assigning to them the same meaning as they have in the solid state, where diffusion is known to be a thermally activated process.
According to Ref. = (4.68 + 0.34) cal mole-1 grd-1. This value is con siderably smaller than that for normal metals and even smaller than that proposed in Reference 6. From the above diffusion measurements it is con cluded that molten Sb exhibits non-metallic character as well as metallic properties. This is in agreement with the structure studies in Reference 1.
In Tab. 2 the self-diffusion coefficient of liquid Sb and the self-diffusion coefficient of liquid Bi, as measured by Döge 7, are compared with the impu rity-diffusion coefficient of Bi in liquid Sb, as well as with the impurity-diffusion coefficient of Sb in liquid Bi, which have been measured in Reference 2. The values of Q show that the impurity-diffusion is less temperature dependent than the self-diffusion in the solvent. This was found previously for other liquid systems 7' 8.
